We use a simple proxy model to compare climate model simulations and coral records over the 20 th century. While models and observations agree that the tropical oceans have warmed, they disagree on the extent and origin of freshening.
T he response of the tropical Pacific Ocean to anthropogenic climate change remains uncertain, in part because we do not fully understand how the region has responded to anthropogenic change over the 20 th century. Analysis of 20 th century temperature and salinity trends is hindered by limited historical data, lack of long-term in situ measurements, and disagreement among coupled general circulation model (CGCM) hindcasts. High-resolution paleoclimate records, particularly the large network of tropical Pacific coral oxygen isotope records, are an alternate means of assessing tropical climate trends. However, these natural archives of past climate are biased by their limited spatial and temporal distribution and their biologically mediated response to climate. By converting native climate variables (e.g. temperature and net freshwater flux) into synthetic ("pseudo") proxy records via an explicit proxy system model ("forward model"), we can directly compare historical climate data and climate model simulations with coral records, and assess biases and uncertainties associated with each.
Pseudocoral modeling
The stable oxygen isotope ratio (δ 18 O) of coral aragonite is a function of the temperature and the oxygen isotopic ratio of seawater (δ 18 O sw ) at the time of growth; the latter is in turn strongly related to sea-surface salinity (SSS Although we cannot yet completely rule out a non-climatic origin for the amplitude of the observed δ 18 O coral trend, previous work highlights biases in simulated salinity fields as a potential source of the observedsimulated trend discrepancy (Thompson et al. 2011) . We found that the suite of CMIP3 and CMIP5 CGCMs simulate weak and heterogeneous salinity trends that are indistinguishable in magnitude from that of unforced control runs (Fig. 1) . Further, the pseudocoral simulations (Fig. 1) Science Highlights: ENSO the individual trends arising from temperature and salinity when the temperature and salinity trends are confounding at the coral sites (as observed for SODA modeled pseudocorals). However, given the limited number of historical SSS observations, much uncertainty remains in the sign and magnitude of the 20 th century salinity trend. When forward-modeling pseudocorals with data from two recent versions of an extended reanalysis (SODA v2.2.4 and v2.2.6; Ray and Giese 2012), we found that even the relative contribution of temperature and salinity to the observed pseudocoral trend differs (Fig.1) O sw -SSS slope should be incorporated in future work simulating pseudocoral trends. Nonetheless, the salinity trend in CMIP3 and CMIP5 models is weak, and near zero, suggesting that the uncertainty in the δ 18 O sw -SSS relationship is not likely the source of the difference in the coral and pseudocoral trend magnitude. The presence of a significant freshening in historical observations suggests that this discrepancy is more likely due to an underestimation of the 20 th century freshening in the CGCMs. 
